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Woven mesh interconnect 



(57) An electrical interconnect (10) is comprised of 
a woven mesh in which an array of parallel wires (20) is 
retained in spaced relation by a transverse array of non- 
conducting strands (30), the mesh being enclosed or en- 
cased within a resilient matrix. The conductive wires are 
on a close pitch to yield greater current carrying capacity 
and achieve a lower more stable resistance. With this 
construction a great number of wires are in contact with 
each contact pad to yield greater current carrying ca- 
pacity and corresponding lower resistance. The closer 
pitch wires also provide greater redundancy of contact 
points. This structure can be custom configured in as 



many layers or in a variety of shapes as is desirable to 
achieve a given electrical performance. The woven 
mesh can be wrapped around a shaped substrate to 
provide electrical connections in a desired shape. The 
woven mesh interconnect can be integrated as part of 
a boot, wherein the boot receives an electrical device 
therein and the woven mesh interconnect provides elec- 
trical connection from the device within the boot to out- 
side the boot. The woven mesh interconnect can be lay- 
ered and shaped to form an interconnect which not only 
provides electrical interconnection but also provides a 
biasing force due to the shape of the device. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates generally to con- s 
ductive elastomers and more particularly to a woven 
mesh interconnect. 

[0002] Conductive elastomers are known in the art. A 
conductive elastomer typically comprises a non-con- 
ductive elastomeric material which has a plurality of con- to 
ductive particles or flakes disposed therein. In opera- 
tion, the conductive flakes or particles make an electrical 
connection between a device such as a packaged inte- 
grated circuit and a circuit board having electrically con- 
ductive pads or traces when the elastomer is placed be- is 
tween the device and the circuit board. The current car- 
rying capacity of such an elastomer is small due to the 
resulting high resistance connection provided by the 
conductive particles of the elastomer. Further, the integ- 
rity of the connection varies from device to device since 20 
the concentration of conductive particles varies from 
contact to contact. 

[0003] Some other conductive elastomers that are 
known are formed by encapsulating a plurality of con- 
ductive wires within an elastomeric material. These con- 25 
ductive elastomers are limited in the number of wires, 
the wire pitch and the number of rows of wires that can 
be used. These conductive elastomers also suffer from 
electrical and mechanical integrity problems. The wire 
in these elastomers require inherently high forces to as- 30 
sure electrical connection. Further, these wire elastomer 
designs exhibit a relatively large permanent deformation 
upon initial compression or once compressed they do 
not recover to the approximate initial starting height, 
which is referred to as compression set. 35 
[0004] It would be desirable to have a flexible conduc- 
tive elastomer which has a greater current carrying ca- 
pacity as well as providing lower resistance connections 
and producing greater integrity of the connections. 

40 

BRIEF SUMMARY OF THE INVENTION 

[0005] An electrical interconnect is comprised of a wo- 
ven mesh in which an array of parallel wires is retained 
in spaced relation by a transverse array of nonconduct- 45 
ing strands, the mesh being enclosed or encased within 
a resilient matrix. The conductive wires are on a close 
pitch such that a great number of wires are in contact 
with each contact pad to yield greater current carrying 
capacity and corresponding lower resistance. The clos- so 
er pitch wires also provide greater redundancy of con- 
tact points. This structure can be custom configured in 
as many layers or in a variety of shapes as is desirable 
to achieve a given electrical performance or to suit an 
intended application. The woven mesh can be wrapped S5 
around a shaped substrate to provide electrical connec- 
tions in a desired shape. The woven mesh interconnect 
can be integrated as part of a boot, wherein the boot 



receives an electrical device therein and the woven 
mesh interconnect provides electrical connection from 
the device within the boot to outside the boot. The woven 
mesh interconnect can be layered and shaped to form 
an interconnect which not only provides electrical inter- 
connection but also provides a biasing force due to the 
shape of the device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] The invention will become more fully under- 
stood from the following detailed description taken in 
conjunction with the accompanying drawings in which: 

Fig. 1 A is a front view of an embodiment of a woven 
mesh interconnect of the present invention; 
Fig. t B is an end view of an embodiment of the wo- 
ven mesh interconnect: 

Fig. 2 is an isometric view of a multilayered sheet 
of woven mesh interconnect including the woven 
mesh of Fig. 1 A; 

Fig. 3A is an isometric view of a second embodi- 
ment of a layered woven mesh interconnect; 
Fig. 3B is a top view of the layered woven mesh 
interconnect of Fig. 3A; 

Fig. 3C is a view of a section of the woven mesh 
interconnect of Fig. 3A; 

Fig. 4A is a top view of a third embodiment of a mul- 
tilayered woven mesh interconnect; 
Fig. 4B is a side view of the woven mesh intercon- 
nect of Fig. 4A; 

Fig. 4C is a view of a section of the woven mesh 
interconnect of Fig. 4 A; 

Fig. 5A is an isometric view of a fourth embodiment 
of a woven mesh interconnect; J 
Fig. 5B is a front view of the woven mesh intercon- 
nect of Fig. 5A; 

Fig. 5C is a top view of the woven mesh intercon- 
nect of Fig. 5A; 

Fig. 6A is a top view of a fifth embodiment of a wo- 
ven mesh interconnect: 

Fig. 6B is a front view of the woven mesh intercon- 
nect of Fig. 6A; 

Fig. 7 A is a top view of a sixth embodiment of a wo- 
ven mesh interconnect: 

Fig. 7B is a side view of the woven mesh intercon- 
nect of Fig. 7A; 

Fig. 7C is a cross -sect ion a I side view of the woven 
mesh interconnect of Fig. 7 A taken along line A; 
Fig. 7D is a cross-sectional side view of the woven 
mesh interconnect of Fig. 7A taken along line B; 
Fig. 8A is an isometric view of a seventh embodi- 
ment of a woven mesh interconnect; and 
Fig. 8B is an end view of the woven mesh intercon- 
nect of Fig. SB. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0007] An electrical Interconnect is comprised of a wo- 
ven mesh in which an array ot parallel wires is retained 
in spaced relation by a transverse array of nonconduct- s 
ing strands, the mesh being enclosed or encased within 
a resilient matrix. The structures described herein are 
of non-adhesive construction; thai is, the wires are di- 
rectly imbedded within the elastomeric matrix. 
[0008] Referring to Figs. 1A and 1B, a woven mesh 10 
1 0 is shown . The woven mesh 1 0 comprises a first array 
of conductive wires 20 which are generally parallel with 
each other. The woven mesh further includes a second 
array of strands 30 which are nonconductive and are 
generally parallel with each other. The first array of con- is 
ductive wires is disposed generally transverse with re- 
spect to the second array of strands, and are interwoven 
with the second array of strands. As shown in more de- 
tail in Fig. 1B, a single strand from the second array of 
strands is disposed such that the strand 30 weaves be- 20 
low one conductive wire 20 of the first array of wires, 
and then weaves above the adjacent wire of the array. 
The strand thus alternates being disposed above and 
below adjacent wires of the first array. A next strand of 
the array also alternates between being disposed above 25 
and below adjacent wires, but in an opposite position as 
an adjacent strand. For example, a first strand may be 
above a first wire, below a second wire, above a third 
wire etc., while an adjacent strand would be below the 
first wire, above the second wire, below the third wire, 30 
etc. Likewise, the wires 20 weave below and above the 
strands 30 and alternate weaving in an opposite position 
as an adjacent wire. Accordingly, the two arrays are in- 
terlaced and interwoven within each other forming the 
woven mesh. In addition, alternate weaving variations 35 
can be used, such as, weaving between every two wires 
and strands, every three wires and strands, etc. and any 
combination thereof. 

[0009] The wires 20 are comprised of any conductive 
material and preferably of nickel, and most preferably of 40 
gold plated nickel. The strands 30 are comprised of a 
non-conductive material and preferably of polyester. 
The densities of wires and strands could be any density 
that forms a mesrvbut most particularly about 300 wires 
per inch for the first array of wires and approximately 80 45 
strands per inch for the second array of strands. In a 
preferred embodiment the wires and the strands each 
have a respective diameter of approximately 0.04 mm. 
[0010] The woven mesh interconnect 50 further in- 
cludes a matrix 40 for maintaining the spaced relation so 
of the array of wires 20 with respect to each other and 
with respect to the interwoven array of strands 30. The 
matrix 40 is nonconductive and typically comprises a re- 
silient material such as silicone rubber. In one embodi- 
ment, the matrix 40 encloses the woven mesh 10, with ss 
the end surfaces of the matrix having the ends of the 
first array of wires exposed such that an electrical and 
mechanical interconnect can be provided from a first 



end of the woven mesh interconnect 50 to an opposite 
end of the woven mesh interconnect 50. Two or more 
rows of mesh 1 0 can be provided within the same matrix 
to achieve greater redundancy of contacts. 
[0011] In another embodiment of the invention, the 
woven mesh interconnect 50 provides electrical con- 
duction along an entire side of the elastomeric matrix. 
For example, the matrix 40, as shown in Fig. 1B allows 
the wires 20 to protrude through one side of the elasto- 
meric material 40, whereby electrical contact is made 
along the entire side of the matrix 40 by contacting the 
protruding portions of the weaving wires 20, which ex- 
tend through the elastomeric matrix 40. This embodi- 
ment is well suited for making 90° connections and 
where a wrap around connection is desired. In this em- 
bodiment, the wires 20 can be exposed at the ends or 
encased within the elastomeric material. 
[0012] Referring now to Fig. 2, a multilayered sheet 
100 of woven mesh interconnect is shown. The multi- 
layered sheet 100 includes three layers 51, 52, and 53 
of woven mesh interconnect 50. Ail three layers are ori- 
ented similarly in that the array of wires of the woven 
mesh 10 in each layer is positioned in the same direc- 
tion. While three layers are shown, it should be appre- 
ciated that any number of layers could be utilized. The 
sheets or webs can then be cut to intended sizes for 
use. Further, while the layers here are shown aligned 
such that the array of wires are running in the same di- 
rection on each sheet, it should be appreciated that the 
layers could be alternating in their alignment such that 
a first layer is oriented with the array of wires running in 
a first direction and a second layer is oriented with the 
array of wires running in a transverse direction with re- 
spect to the array of wires of the first layer. With such 
an arrangement, electrical connections are provided 
from a first horizontal edge of the sheet 1 00 to a second 
horizontal edge, and from a first vertical edge to a sec- 
ond vertical edge, while the connections of the vertical' 
edge are isolated from the connections of the horizontal 
edge. 

[0013] Referring now to Figs. 3A-3C, a rectangular 
shaped woven mesh interconnect 90 is shown. In this 
embodiment, the woven mesh interconnect comprises 
a single layer of woven mesh 50, laminated on each side 
by a nonconductive layer of material 60 In this embod- 
iment, and as shown in Fig. 3B and in greater detail in 
Fig. 3C, the woven mesh is oriented such that the array 
of wires 20 extend from a first horizontal or top side 91 
to the opposing horizontal or bottom side 92. Further, 
the woven mesh in this instance comprises two arrays 
of conductive wires 20 within the same matrix. 
[0014] As shown in Figs. 4A-4C, an interconnect 200 
is shown in which two separate rows of conductive mesh 
220 are used in a sheet, and additional rows may be 
used to suit particular contact requirements. The con- 
ductive wires are on a close pitch to yield greater current 
carrying capacity and achieve a lower more stable re- 
sistance. The closer pitch wires provide greater redun- 
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dancy of contact points. This structure can be custom 
configured in as many layers as is desirable to achieve 
a given electrical performance. 

[0015] Referring now to Figs. 5A-5C a further embod- 
iment 300 is shown wherein the woven mesh intercon- 
nect 310 is attached to a piece of insulative material 340 
such as an elastomeric foam. The woven mesh inter- 
connect in this embodiment has a very thin matrix, such 
that the resulting woven mesh interconnect is very plia- 
ble and acts like a skin wherein it can be layered on the 
insulative foam or easily deformed into other shapes. 
[001 6] As shown in Fig. 6A the embodiment 400 com- 
prises a wire mesh interconnect 410 which is wrapped 
around and bonded to an elastomeric substrate 440. 
The substrate 440 is comprised of a non-conductive ma- 
terial such as silicone rubber. The silicone rubber matrix 
of the mesh 410 can be integrally bonded to the sub- 
strate 440 to form an essentially integral or unitary rub- 
ber core containing an outer wrapping of embedded 
conductors to provide an interconnect between the op- 
posing edge surfaces. Alternately the mesh 410 can be 
attached to the substrate at predetermined points, and 
is thus flexible with respect to the substrate. 
[0017] As shown in Figs. 7A-7D, the woven mesh in- 
terconnect 550 can be incorporated into a boot 560 or 
other housing which retains an electrical device 570 
such as a microphone. As shown there is a rubber or 
other elastomeric material boot 560 which includes an 
opening for retaining a device 570 such as a microphone 
and having the mesh interconnect 550 for providing 
electrical interconnection from the device 570 to exter- 
nal circuitry. The elastomeric structure 500 provides a 
convenient unitary subassembly for easy mounting 
within a cellular telephone, for example. 
[0018] Referring now to Figs. 8A and 8B in a further 
embodiment 600 the wire mesh 61 0 can be layered with- 
in a generally X-shaped elastomeric structure as shown 
in the drawing to provide conductive interconnection via 
the nickel or other metal wires from the outer surface of 
one lobe of the X-shaped structure to the outer surface 
of the opposing lobe. For example, the wire mesh 610 
can create a conductive interconnection between lobe 
A and lobe C of the X-shaped structure 600 and a con- 
ductive interconnection between lobe B and lobe D of 
structure 600. The non-conductive resilient or elasto- 
meric material 640, besides filling space between the 
wires of the conductive wire mesh 610, creates a space 
through the center of the X-shaped structure 600, which 
separates the conductive pathways created by the in- 
terconnections between lobes A and C and lobes B and 
D. The resilient or elastomeric material 640 also serves 
to provide a biasing force against spaced elements be- 
ing conductively interconnected to provide good contact 
force. This X-shaped structure 600 can be mechanically 
"tuned" to eliminate the inherent high-force barrier that 
is common with many other interconnects which utilize 
wires for the conductive interconnection. The X-shaped 
structure 600 serves as a beam spring to distribute the 



stresses throughout its cross section and to provide 
good contact force. This structure 600 does not suffer 
the compression set or permanent deformation of 
known interconnects using an elastomeric foam. The 

5 beam spring cross section and elliptical contact shape 
which is provided by the wire ends extending to the con- 
tact surfaces at an angle provides efficient contact forc- 
es and minimization of mechanical stresses. This struc- 
ture 600 can withstand higher mechanical cycling with 

10 less conductor breakage than known elastomeric inter- 
connects and requires only a very low force in order to 
make an electrical connection. Furthermore, a wiping 
contact action can be achieved. Additionally, a dual row, 
single row, single row 90° or dual row 90° opposed in- 

15 terconnections are possible with the X-shaped structure 
600. 

[001 9] The woven mesh interconnect provides great- 
er current carrying capacity and lower resistance than 
traditional conductive elastomers. Additionally, the wo- 
20 ven mesh interconnect can be formed into a variety of 
shapes or bonded onto shaped substrates dependent 
on the particular application. 

[0020] Having described preferred embodiments of 
the invention it will now be apparent to those of ordinary 

25 skill in the art that other embodiments incorporating 
these concepts and various changes, omissions and ad- 
ditions may be made or used. Accordingly, it is submit- 
ted that the invention should not be limited to the de- 
scribed embodiments but rather should be limited only 

30 by the spirit and scope of the appended claims. 



Claims 



35 



40 



45 
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3. 
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A woven mesh interconnect comprising: 

a first array of conductive wires, each wire of 
said first array having a first end and a second 
end; 

a second array of nonconductive strands, said 
second array disposed transverse with said first 
array of wires, said second array of strands 
maintaining said first array of wires in a spaced 
relation; and 

a resilient matrix enclosing said first array of 
conductive wires and said second array of non- 
conductive strands, said resilient matrix having 
a first side and a second side. 

The woven mesh interconnect of claim 1 wherein 
said second array of strands are interwoven about 
the wires of said first array of wires. 

The woven mesh interconnect of claim 2 wherein 
said strands of said second array of strands inter- 
weave around every wire of said first array of wires. 



4. The woven mesh interconnect of claim 2 wherein 
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said strands of said second array of strands weave 
around at least two wires of said first array of wires. 

5. The woven mesh interconnect of any one of claims 
1 to 4 wherein said first end and said second end 
of each wire of said first array of wires are not cov- 
ered by said resilient matrix and are exposed for 
contact with a mating surface. 

6. The woven mesh interconnect of any one of claims 
1 to 5 wherein portions of said wires of said first ar- 
ray of wires protrude through said first side of said 
resilient matrix as said wires weave around said 
strands of said second array of strands. 

7. The woven mesh interconnect of any one of claims 
1 to 6 further comprising a third array of conductive 
wires, each wire of said third array having a first end 
and a second end, said third array of wires disposed 
parallel with said first array of wires, said second 
array of strands maintaining said third array of wires 
in a spaced relation, and wherein said matrix also 
encloses said third array and wherein said first and 
second ends of each wire of said third array are not 
covered by said resilient matrix. 

8. The woven mesh interconnect of any one of claims 
1 to 7 wherein said woven mesh interconnect is fab- 
ricated as a sheet of material and wherein said first 
array of wires extend from a first edge of said sheet 
to an opposing edge of said sheet. 

9. The woven mesh interconnect of any one of claims 
t to 8 wherein said first array of conductive wires 
comprises nickel. 

10. The woven mesh interconnect of any one of claims 
1 to 8 wherein said first array of conductive wires 
comprise gold-plated material. 

11. The woven mesh interconnect of any one of claims 
1 to 10 wherein said second array of nonconductive 
strands comprises polyester. 

12. The woven mesh interconnect of any one of claims 
1 to 10 wherein said resilient matrix comprises sili- 
cone rubber. 

13. The woven mesh interconnect of any one of claims 
1 to 12 wherein said first array of conductive wires 
has a density of approximately 300 wires per inch. 

14. The woven mesh interconnect of any one of claims 
1 to 1 3 wherein said second array of nonconductive 
strands has a density of approximately 80 strands 
per inch. 

15. The woven mesh interconnect of any one of claims 



1 to 1 4 wherein said wires of said first array of wires 
have a diameter of approximately 0.04mm. 

16. The woven mesh interconnect of any one of claims 
5 1 to 1 5 wherein said strands of said second array 

of strands have a diameter of approximately 
0.04mm. 

17. The woven mesh interconnect of any one of claims 
10 1 to 16 further comprising a substrate, wherein at 

least a portion of said resilient matrix is bonded to 
said substrate. 

18. A woven mesh interconnect comprising: 

75 

a first layer comprising: 

a first array of conductive wires, each wire of 
said first array of wires having a first end and a 
second end; 

20 a first array of nonconductive strands disposed 

transverse with said first array of wires, said 
first array of strands maintaining said first array 
of wires in a spaced relation; and 
a first resilient matrix encasing said first array 

25 of conductive wires and said first array of non- 

conductive strands, and wherein said first end 
and said second end of each wire of said first 
array of wires are not covered by said first re- 
silient matrix; and 

30 a second layer laminated to said first layer, said 

second layer comprising: 
a second array of conductive wires, each wire 
of said second array of wires having a first end 
and a second end; 

35 a second array of nonconductive strands dis- 

posed transverse with said second array of 
wires, said second array of strands maintaining 
said second array of wires in a spaced relations 
and 

40 a second resilient matrix encasing said second 

array of conductive wires and said second array 
of nonconductive strands, and wherein said 
first end and said second end of each wire of 
said second array of wires are not covered by 

45 said second resilient matrix. 

19. The woven mesh interconnect of claim 18 wherein 
said first layer is oriented in a similar direction as 
said second layer. 

so 

20. The woven mesh interconnect of claim 18 wherein 
said first layer is oriented in a transverse direction 
as said second layer. 

55 21. The woven mesh interconnect of claim 18 wherein 
said interconnect is formed having a multi-lobe 
shape, and wherein said first array of wires extend 
from a first lobe of said multi-lobe shape to a second 
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lobe of said multi-lobe shape. 

22. The woven mesh interconnect of claim 21 wherein 
said multi-lobe shape comprises four lobes, each 
lobe spaced substantially equidistant apart from an 5 
adjacent lobe. 

23. The woven mesh interconnect of any one of claims 
1 to 22 further comprising a housing, said housing 
defining an opening therein, said matrix extending io 
from the opening within said housing, through said 
housing and beyond said housing, said matrix dis- 
posed within said housing such that said first ends 

of said array of wires of said wire mesh are posi- 
tioned within the opening defined by said housing, 15 
and said second ends of said wires are disposed 
outside of said housing, said housing configured to 
receive a device within said opening defined by said 
housing, and said wire mesh operative to provide 
electrical communication between a device re- 20 
ceived within said housing and an external device. 

24. The woven mesh interconnect of claim 23 wherein 
said housing comprises molded rubber. 

25 
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FIG. 3B 
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FIG. 5 A 



FIG. 5B 
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FIG. 6 A 



<?oo 



FIG. 6B 
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